ABSTRACT Four commercial rosemary oleoresin preparations were added to ground chicken thigh meat at the recommended levels of the manufacturer then packaged in 80% O 2 -20% CO 2 modified atmosphere trays. The rosemary preparations differed in oil and water solubility, dispersion properties, or both. Addition of rosemary to ground chicken had an overall positive effect on raw meat appearance during storage and cooked meat flavor. No effect on bacterial growth was observed due to rosemary addition. However, oxidation was slowed in meat with
INTRODUCTION
Oxidation in fresh meat can lead to discoloration due to the formation of metmyoglobin from either myoglobin (Potter, 1986) or oxymyoglobin (O'Grady et al., 2001 ). Oxidation of fat and heme pigments may work in concert to accelerate either or both reactions, although each reaction can also proceed independently (Watts, 1954) . Heme or free iron both contribute to autooxidation reaction during the initiation and propagation phases of meat lipid oxidation (Fox and Benedict, 1987; Gray et al., 1996) , and oxidation of myoglobin was also found to be an autooxidative reaction (Renerre and Labas, 1987; Renerre et al., 1996) . Several other agents including trace metals, light, enzymes, O 2 , and exogenous oxidized fat can catalyze lipid oxidation (Addis, 1986) and presumably also catalyze pigment oxidation (Decker et al., 1995) . Oxidation of lipids and proteins was found to most likely occur at the oil-water interface of meat (Xiong, 1996) . Although lipid peroxidation is a term associated with enzymatically driven oxidation and can involve the enzyme system associated with reduced nicotinamide adenine dinucleotide ©2008 Poultry Science Association Inc. Received February 7, 2007 . Accepted September 9, 2007 Technical contribution no. 5302 of the Clemson University Experiment Station. 2 Corresponding author: pdawson@clemson.edu 170 added rosemary as indicated by lower TBA values, lower hexanal concentrations, and sensory scores. Color (redness) was more stable in meat with added rosemary compared with meat without rosemary, as reflected in redness (a*) values, hue angles, and visual scores. Of the 4 rosemary preparations tested, the oil-soluble, most concentrated preparation (HT-O) was most effective in maintaining meat quality compared with the other 3 types tested.
phosphate (Hultin, 1980; Tien and Aust, 1982) , autooxidation is a chemical reaction, which proceeds without enzymatic activity. Autooxidation is often initiated in meat by muscle components such as iron and other transition metals present in low concentrations (McMillin, 1997) .
Oxidation of ground meat may commence within 1 h after grinding (Sato and Hegarty, 1971) . Grinding and heating disrupts cellular protective compounds contained in cell membranes such as vitamin E, electron, and hydrogen donors (Simic and Taylor, 1987) . Cooking or grinding also exposes reactive lipid components to O 2 and other oxidative catalysts in meat (Sato and Hegarty, 1971) . Antioxidants can slow the oxidative reactions of both lipids and pigments in meat, and much interest has been focused on natural antioxidants due to negative public perception of synthetic additives (Cuppett et al., 1997) . Frankel (1996) commented that the use of natural antioxidants has increased according to a presumption of their safety. Natural plant-derived antioxidants are primarily composed of polyphenolic compounds (Shahidi et al., 1992) , and antioxidants containing 2 or more phenolic hydroxyl groups have been found to be effective antioxidants (Dziedzic and Hudson, 1984) . Plant phenolics are multifunctional antioxidants that can act as reducing agents (free radical terminators), metal chelators, and singlet O 2 quenchers. Namiki (1990) listed several common natural antioxidants used commercially in food, for example, tocopherols, ascorbic acid, soybean products, oat products, components of crude vegetable oils, amino acids, peptides and proteins, guaiac gum, flavonoids, spices, and herbs. Many spices such as rosemary and sage have strong antioxidant activity (Peterson, and Johnson, 1978; Chen et al., 1992) . Lö liger (1983) emphasized that Rosmarinus officinalis (rosemary) was 1 of a few spices used in the food industry primarily for its antioxidant property, whereas other spices are used for their flavoring properties.
The strong antioxidant activity of rosemary is due to its phenolic diterpene structure (Houlihan et al., 1984; Schwarz and Ternes, 1992) acting in a hydrogen donator system to interfere with the free radical propagation process (Hall et al., 1998) . The structure is important in providing a hydrogen to donate (which circumvents oxidation; Dugan, 1980) without creating another reactive free radical species. Moreover, several plant phenolic compounds also act as metal chelators and singlet O 2 quenchers (Shahidi et al., 1992; Cuppett et al., 1997) .
Due to consumer preferences in the United States, chicken dark meat is typically in an overabundance; thus, finding value-added options for dark chicken meat is of interest to the poultry industry (Aho, 2000) . One reason ground chicken meat shelf life is limited is the rapid loss of fresh appearance. Rosemary extracts have been added to commercially produced ground turkey meat, because they slow pigment oxidation from red (myoglobin and oxymyoglobin) to brown (metmyoglobin) via oxidation of the heme pigment. The short shelf life of ground chicken is 1 limitation for it use as a retail product. Thus, the objective of the current study was to determine the effect of several commercial rosemary preparations on the shelf life of ground chicken meat packaged in a high-O 2 gas environment and stored under a refrigerated condition to simulate retail handling.
MATERIALS AND METHODS

Meat Preparation
Fresh boneless and skinless chicken thigh meat was obtained directly from a poultry processing plant (Fieldale Farms Corporation, Cornelia, GA), and obvious fat and blood spots were trimmed using a sterile knife. The thigh meat was first coarsely ground through an 8-mm plate in a meat grinder (model AE-G12, American Eagle Food Machinery Inc., Chicago, IL) then subdivided into 5 lots. Lots were assigned and treated as follows: control = no antioxidant added; Herbalox seasoning type HT-O (HT-O) = 0.05%; Herbalox seasoning type W (W) = 0.07%; Herbalox seasoning type HT-W (HT-W) = 0.14%; and Herbalox seasoning type 25 (25) = 0.20%. The percentage of Herbalox added to meat was based on the recommendations of the supplier for meat. The rosemary oleoresins were mixed with sterile deionzed water at 1% before addition to meat to facilitate dispersion throughout the meat, and the same amount of water was added to each meat mixture. After mixing, the meat was ground a second time through a 4-mm orifice. Three hundred grams of ground meat was packed in expanded polystyrene trays (Cryovac-Sealed Air Corporation, Duncan, SC). The trays had an inside volume of 800 mL, resulting in an approximate 2-3:1 volumetric ratio between the package and meat. The meat was packaged and sealed in a modified atmosphere packaging machine (Ross Jr Packaged meat samples were stored to simulate both distribution (from the processing plant to retail stores) and display in the retail store. To simulate commercial handling, samples were held in the dark for 3 d at 0 ± 3°C, after which the tray packs were placed in a lighted refrigerator at 3 ± 1°C under a light intensity of 850 lx for up to 12 d. A human sensory panel and proximate analysis were conducted on d 1 to determine if the rosemary oleoresins could be detected in the cooked chicken. Other quality indicator tests were conducted on d 0, 3, 6, 9, and 12, which included package headspace gases (CO 2 , O 2 , N 2 ), meat color, total aerobic plate count, gas chromatography-mass spectroscopy, TBA value, and meat pH. .
Proximate Analysis and Sensory Evaluation
Each of the 5 batches of meat were singly sampled to determine DM, protein, fat, and ash content in chicken according to AOAC standard methods (AOAC, 2000) . Sensory evaluation was conducted on uncooked meat for odor and cooked meat for odor and flavor. Eight trained panelists were used after an extensive training program. During each training session, panel members practiced and occasionally discussed the techniques developed for sample preparation, sample presentation, score sheet terms, and sensory evaluation methods. With a panel leader, the panel developed terms to describe the aroma characteristics of fresh poultry including the aroma characteristics of raw poultry with and without rosemary oleoresin. Panel members trained regularly for 30 sessions within 1 yr to be able to identify and discriminate aroma and flavor differences. Some descriptors were derived from reference standards including fresh chicken, oxidized oil, canned corn, and dried rosemary. The panelists agreed on the following aroma and flavor descriptors: lacks aroma and flavor, uncooked ground chicken, cooked ground chicken, herb and rosemary, and old and stale. These descriptors were judged for both their presence and absence and for overall intensity using an 8-point scale: 8 = none; 7 = just detectable; 6 = very mild; 5 = mild; 4 = mild-disctinct; 3 = distinct; 2 = distinctstrong; and 10 = strong. Aroma and flavor were judged using the 8-point intensity scale shown above and also on an 8-point scale for acceptability: 8 = very acceptable; 7 = acceptable; 6 = moderately acceptable; 5 = slightly acceptable; 4 = slightly unacceptable; 3 = moderately unacceptable; 2 = very unacceptable; and 1 = extremely unacceptable.
On the evaluation days, fresh raw meat samples were placed in 60-mL plastic cups, and the fresh samples were held in a refrigerator for 20 min before testing. Cooked samples were prepared as loosely ground meat and cooked on a 115 × 15 cm electric fry pan coated with a nonstick material (Silverstone, Sunbeam Appliance Company, Book, IL) until the internal meat temperature reached 74°C, then the meat was randomly distributed into 60-mL expanded polystyrene (Styrofoam, Dow Chemical, Freeport, TX) cups to maintain a warm serving temperature. These cups were covered with lids, and samples were randomly assigned 3-digit codes that matched the treatment of both raw and cooked samples.
Package Headspace Gas Composition
A 500-L sample of gas package headspace was drawn by syringe through a silicon septum attached to the package film surface. The gas sample was injected into a gas chromatograph (Gow-Mac Series 580, Gow-Mac Instrument Company, Bethlehem, PA) with a CTR column (catalog number 8700, Alltech Associates, Deerfield, IL) 6 ft long with an inner diameter of 4 mm made of porous polymer and an outer diameter of 8 mm of a packed activated molecular sieve held at a constant temperature of 30°C. The injection temperature was 100°C, and gases were detected using a thermal conductivity detector held at 100°C. The carrier gas was helium with a flow rate of 60 mL/min, and the percentage of CO 2 , O 2 , and N 2 was calculated from the detector response.
Color
Meat color was measured using a Minolta Chroma Meter (CR-300, Minolta Corporation, Ramsey, NJ). Surface color was measured at 9 different locations. Three sides of the packaging film were cut so that the colorimeter orifice could be pressed against the package film and meat surface smoothly. Color readings were taken through the film, and the film color attributes were subtracted from the readings automatically. International Commission of Illumination lightness (L*), redness (a*), and yellowness (b*) values were recorded, and hue angle (arc tangent of b*/a*) was calculated.
Bacterial Counts
Eleven grams of raw meat was mixed with 99 mL of 0.1% sterile peptone water (Bacto, Becton Dickinson Company, Sparks, MD) in a sterile filtered stomacher bag (Seward, model 400 bags 6141, Seward Ltd., London, UK). The mixture was stomached (Seward model 400 circulator, Seward Ltd.) at 230 rpm for 2 min. Serial dilutions were made from the bag and then pour-plated using plate count agar (Difco, Becton Dickinson Company). After mixing and solidification of the sample agar, plates were incubated at 37°C for 48 h Plates from dilutions having from 25 to 250 colonies were counted, and numbers were converted to base-10 logarithm colony-forming units per gram of meat.
Gas-Chromotography-Mass Spectroscopy
A gas chromatograph-mass selective detector system (Hewlett Packard 7694 headspace sampler, Hewlett Packard HP 6890 series gas chromatograph, and Hewlett Packard HP 5973 mass selective detector (Agilent Technologies, Palo Alto, CA) was used to analyze the volatile compounds in the chicken meat samples. Two grams of ground chicken meat was weighed into clean 10-mL glass vials that were capped with Teflon-lined septa and sealed. Sealed vials were equilibrated in the HP 7694 magazine assembly at 90°C for 15 min, then the gas headspace was automatically injected onto a 30-m-long HP 5 mass spectral capillary column with a 0.25-m internal diameter. The gas chromatograph oven was programmed from −20 to 250°C at 10.0°C/min with a 5-min final hold time. Identification of volatiles was based on comparison of retention times to authentic standards and computer matching of mass spectra to a reference library (Hewlett Packard).
TBA Analysis
The TBA test was conducted using an extraction method based on Witte et al. (1970) and Ahn et al. (1998) to determine malonaldehyde content in ground chicken meat. A TBA-trichloroacetic acid (TCA) solution was prepared by dissolving 20 mM TBA (molecular weight 144.15) in water followed by the addition of 15% TCA and heating in a hot water bath (Precision model 182, Precision Scientific, Chicago, IL; 95°C). Five grams of meat was homogenized with 15 mL of deionized water with 15 L of butylated hydroxy anisole added to prevent further oxidation. Two milliliters of this homogenate was transferred to a disposable test tube with 2 mL of TBA-TCA solution that was then mixed by vortexing (Voltes Genie 2, Allied Fischer Scientific, Scientific Industries, Bohemia, NY) for 20 s. Test tubes were then immersed in a water bath (Precision model 182, Precision Scientific, Chicago, IL) at 95°C for 15 min. Tubes were immediately cooled in an ice water bath. Tubes were centrifuged at 10,000 × g for 15 min. Absorbency of the supernatant was measured at 531 nm with a spectrophotometer (Spectronic 20, Spectronic Instruments, Rochester, NY). The sample readings were compared with a standard curve created from standard solutions made from 1,1′,3,3′-tetraethoxypropane (TEP) using 0-, 10-, 20-, 40-, and 70-nmol concentrations. The amount of malonaldehyde (as mg/malonaldehyde/kg of meat) was calculated from the standard curve based on the fact that 1 M TEP can be hydrolyzed by TCA yielding 1 M of malonaldehyde. Thus, the measured concentration of TEP is equivalent to that of malonaldehyde.
pH
Ten grams of meat was blended with 100 mL of deionized water for 30 s. The pH was measured in duplicate using a probe and digital meater (model 420A, Orion Research Inc., Boston, MA).
Statistical Analysis
Five replications were conducted for the sensory evaluation, and an ANOVA was performed on the data to determine if there was a significant effect due to various antioxidant treatments (control, HT-O, W, HT-W, 25), for each of the panel parameters for acceptability (color, aroma, and flavor). The intensity of the descriptors for color and aroma was evaluated using a χ 2 analysis. Sensory evaluation was conducted only on d 1.
Shelf life quality indices were conducted in 4 replications. The experimental design was a 5 × 5 factorial comprised of the antioxidant levels and sampling days during storage, each having 5 levels. An ANOVA was performed for each experimental treatment on each test parameter (package headspace gases, bacterial counts, color, TBA, pH) to determine if treatments significantly (P ≤ 0.05) affected each parameter; then where significance was found, means were determined, separated (P ≤ 0.05), and SE determined using the LSMEANS/PDIFF/STDERR statements of SAS (SAS, 2002) .
RESULTS AND DISCUSSION
Proximate Analysis
The average proximate composition of the 5 chicken thigh meat batches was 73.8% moisture, 18.2% CP, 7.2% fat, 0.8% ash, and 0% carbohydrate. These values are similar to those reported by Holland et al. (1991) of 74.5% moisture, 19.1% protein, 5.5% fat, and 0% carbohydrate. Variation in proximate composition of chicken meat can be due to growing seasons, feeding regimens, bird flocks, and analytical methodology.
Sensory Evaluation
Sensory color acceptability of chicken thigh meat ranged from 12.8 to 13.1 on d 1 (maximum acceptability was 15), and the addition of any of the rosemary preparations did not initially affect the color acceptability of the ground thigh meat. Appearance is the initial sensory attribute used by most consumers to make food choices, whereas odor is a secondary sensory perception for food choices (Lawless, 1991) ; therefore, a sniff test was conducted to evaluate this characteristic of fresh and cooked meat (Cross et al., 1986) . Sixty-two percent of the panelists perceived the fresh, uncooked control sample as lacking aroma, which was higher than that of rosemary-added meat (Table 1) . Raw thigh meat treatments of control and type HT-O had the highest percentage of panelists detecting uncooked chicken aroma (35.1 and 37.8%, respectively), whereas types W and 25 added had the highest percentage (73 and 84%, respectively) of panelists detecting an herb-rosemary aroma (Table 1) . The herb-rosemary aroma was detected only at the highest levels for these same types (W and 25) in the cooked chicken. The 2 rosemary treatments of HT-O and HT-W had the highest percentage of panelists detecting cooked chicken aroma. Meat with HT-O added also had the highest percentage of panelists detecting cooked chicken flavor. One of the more positive results for use of rosemary was that over 20% of the panelists detected an old-stale odor and flavor in the control meat, whereas no panelists detected oldstale odor or flavor in any of the rosemary-added samples. The differences in detection levels for rosemary aroma and flavor between rosemary treatments may be due the different concentrations used in the meat, differences in flavor release, and the intensity profile of the rosemary types. One property of the HT series (stated by the manufacturer) is a more subtle flavor than other products (Kalsec Corporation, Kalamazoo, MI), which could also affect sensory panel responses. The process used to produce the oleoresin and its solubility in meat may also affect meat aroma and flavor. Thus meat with added HT series was detected less often as having an herb or rosemary aroma and when the aroma was detected, most panelist responses were in the just detectable category. Overall aroma intensity profiles of raw and cooked chicken had the HT series meat with higher intensity levels in the just detectable and lower in the very mild, mild, and mild-distinct categories compared with the W and 25 rosemary types (Table 2) .
Cooking generates more volatile aromatic compounds to enhance meat aroma and flavor. Cooking develops meaty aromas (Hornstein, 1967) and flavors (Crocker, 1948) and also accelerates meat oxidation (Decker and Mei, 1997) . Oxidation of meat is often quantified using malonaldehyde content, which was found higher in cooked meat than uncooked meat held the same length of time (Siu and Draper, 1978; Karpinska et al., 2000) . Natural antioxidants such as rosemary oleoresin have been shown to suppress lipid oxidation in refrigerated meat products (Barbut et al., 1995) by interrupting the free radical chain reaction associated with oxidation (Liu et al., 1992) . Free radical scavenging is 1 of the main antioxidant mechanisms used to inhibit warmed-over flavor development in meat (St. Angelo et al., 1990) . In the present study, the raw meat without rosemary added had a higher acceptability score than raw meat with rosemary. However, the cooked samples with rosemary had a higher acceptability than meat without rosemary, with panelists detecting an old-stale flavor-aroma in cooked meat without rosemary. Means for each descriptor (row) and within meat type (uncooked and cooked) followed by the same superscript letter do not significantly differ (P > 0.05), n = 184. Overall acceptability rankings are means from the panelists scoring on the acceptability scale: 8 = very acceptable; 7 = acceptable; 6 = moderately acceptable; 5 = slightly acceptable; 4 = slightly unacceptable; 3 = moderately unacceptable; 2 = very unacceptable; 1 = extremely unacceptable.
Color
There was a change in a* value and hue angle during storage for all treatments, with average a* values highest on d 3 (11.17) compared with d 0 (10.35) and 6 (10.56). The a* values decreased to a lower level on d 9 (8.83) and further decreased to their lowest point on d 12 (6.39). The increase in a* values from d 0 to 3 was likely due to oxygenation of myoglobin promoted by the high-O 2 atmosphere (∼90%). Although the overall redness (a* value) decreased after d 6 for all samples, the degree of redness loss was greater for the control samples than it was for the meat with added antioxidant (Table 3) . Among the antioxidant-added samples, the HT-O treatment maintained redness through d 12 better than the other antioxidant treatments as measured by a* value. A similar trend was found for hue angle, except increases in hue angle reflects a loss of redness. The control treatment had a higher loss of redness (increase in hue angle) on d 9 and 12 compared with all antioxidants, and both HT-O and 25 treatments had the least change in hue angle among all treatments. The loss of redness after d 6 was due to the oxidation of myoglobin to metmyoglobin, and antioxidants retarded this process to maintain meat redness longer. The differences in the ability of each antioxidant to maintain redness are likely due to both the solubility in the aqueous meat phase and rosemary concentration of each commercial preparation.
Package Headspace Gases
Package headspace gases (CO 2 , O 2 , and N 2 ) changed (P ≤ 0.05) during storage for all treatments. This phenomenon is partly due to absorption of gases into the meat tissue, production of gases by muscle respiration, and gases produced by the bacterial flora present in the meat. Krogh (1919) stated that gases dissolve in tissue fluid and will diffuse through the aqueous phase. The diffusion rate for CO 2 is generally 20 times greater than O 2 and will vary with temperature, gas concentration, and meat composition. Gill (1988) reported that CO 2 is highly soluble in water and oil so can readily absorb into muscle and fat tissue during storage. This causes an initial decrease in relative CO 2 headspace levels followed by an eventual increase in CO 2 derived from bacterial growth and metabolism (Butler et al., 1953) . This trend was not observed in this study, with no differences observed due to the addition of antioxidants (Table 4) . A decrease in O 2 and increase in CO 2 in the package headspace of raw meat during refrigerated storage was reported by other researchers (Taylor and MacDougall, 1973; Seideman et al., 1979; Taylor et al., 1986) . Nitrogen gas concentration increased (P ≤ 0.05) during storage for all treatments, which was also reported by Daun et al. (1971) for meat packaged in high-O 2 atmospheres. The increase was due to loss of other gases due to absorption into meat tissue.
TBA Value
The addition of rosemary slowed oxidation compared with ground meat with no antioxidant added as demonstrated by lower (P ≤ 0.05) TBA values at d 6, 9, and 12 ( Figure 1) . The antioxidative effect of rosemary on ground meat found by TBA results was reflected in meat quality attributes by slowing both the loss of red color in raw Means for each descriptor (row) and within meat type (uncooked and cooked) followed by the same superscript letter do not significantly differ (P > 0.05), n = 184. meat (Table 3 ) and the development of old-stale flavor in cooked meat (Table 1) . Igene et al. (1979) reported that chicken dark meat was more susceptible to oxidation than chicken white meat and beef. Several other researchers have reported antioxidative effects of rosemary with no color preservation effects. Resurreccion and Reynolds (1990) observed that the rosemary oleoresin controlled oxidation of pork and chicken frankfurters with no benefit to color. Frankfurters are cured meat products, and the pigment state differs from that of fresh meat. Chen et al. (1999) reported little benefit for color preservation of irradiated pork; however, others have found that meat irradiation alone will increase redness (Yan et al., 2006) . McCarthy et al. (2001) found rosemary acted as an antioxidant in wrapped pork patties stored in an O 2 -permeable film (6,000 to 8,000 mL/m 2 per 24 h per atmosphere of pressure), with little effect on meat color stability. The positive effect of rosemary on the color stability observed Means for each day (row) and within color measurement (L* value, a* value, hue angle) followed by the same superscript letter do not significantly differ (P > 0.05), n = 18. in the present study and not seen in previous studies may be attributed to the different meat type (ground chicken) and the form or type of rosemary used.
Hexanal Concentration
Several researchers have proposed hexanal content as a measure of meat oxidation (Ross and Smith, 2005) and found a high correlation to TBA values and sensory scores (Shahidi et al., 1987; Ang and Lyon, 1990) . Several other volatile carbonyl and sulfur compounds have been reported in raw chicken meat including butane, ethanol, acetone, pentane, dimethyl disulfide, carbon disulfide, and dimethyl sulfide (Eilam et al., 1998) and some have been associated with microbial metabolites (Eyles and Adams, 1986 ). In the current study, samples with no added rosemary exhibited a greater increase in hexanal content compared with all treatments with added rose- Table 4 . Package headspace (CO 2 , O 2 , N 2 ), pH, and total aerobic plate count (TPC) of raw ground chicken thigh meat during 0, 3, 6, 9, and 12 d of refrigerated storage (4 ± 1°C) for pooled samples both with and without rosemary oleoresin added Means within measurement (row) followed with by same superscript letter do not significantly differ (P > 0.05), n = 93. mary (Figure 2) . Furthermore, the TBA value and relative hexanal content were positively correlated (R 2 = 0.867). These results support those of Shahidi et al. (1987) , who suggested that hexanal levels could be used to evaluate off-flavor development due to oxidation and that sensory was well correlated to both hexanal and TBA value.
Total Aerobic Plate Count
Total aerobic plate count did not differ between any of the experimental treatments and increased for all treatments during storage (Table 4 ). The populations remained below 4 log cfu/g through 3 d then sequentially increased on d 6, 9, and 12 to 4.2, 5.5, and 7.2 log cfu/g, respectively. Del Campo et al. (2000) reported that gram-positive organisms were sensitive to rosemary extracts; however, the antimicrobial property of spices was found in the essential oil and not the oleoresin (Nychas, 1995) . Pandit and Shelef (1994) have previously demonstrated that rosemary essential oil and not its oleoresin had antilisterial properties. Thus, it was not surprising that no bacterial inhibition was found in the present study, which used rosemary oleoresins.
Meat pH
Meat pH increased about 0.1 pH unit during the 12 d of storage for all treatments (Table 4 ). The rate of change in pH values during storage did not differ for the control and any of the treatments with added rosemary; however, meat with type 25 added had pH values 0.1 units lower (P ≤ 0.05) than all other treatments for d 0 through each of the sampling times. Meat pH is related to meat color stability and lipid oxidation. Owen and Lawrie (1975) stated that meat pigments are more stable in the reduced state, and oxymyoglobin is most stable at its iso- electric point of around pH 6.8. Liu (1970) showed that in the pH range of 5.6 to 7.8, the oxidative catalytic activity of metmyoglobin on linoleic acid increased with increasing pH. Conversely, Liu and Watts (1970) reported an increase in the catalytic activity of nonheme iron when the pH decreased. This difference in results between these 2 studies may be due to the different mechanisms between heme and nonheme catalysis of lipid oxidation. Thus, the relationship between meat pH and oxidation rate differ in fresh meat where the heme-myoglobin structure is intact and in cooked meat where the heme has been denatured to form nonheme iron. This premise is supported by 2 studies reporting an inverse relationship between TBA values and pH in raw meat samples during storage (Witte et al., 1970; Chen and Waimaleongora-ek, 1981 ). In the current study, all rosemary oleoresins were very effective on retarding meat lipid oxidation compared with the control treatment, and the slight difference in meat pH observed in meat with type 25 added was not accompanied by a difference in TBA or hexanal values compared with other rosemary treatments.
Conclusions
The addition of rosemary oleoresin to ground chicken meat had a positive effect on sensory scores of cooked meat, color stability, and oxidative stability. Panelists identified the presence of rosemary in the meat as an herb note but identified this as a positive rather than a negative attribute. Furthermore, the presence of old-stale flavor was recognized in meat with no rosemary added but was not detected at all in meat with rosemary added. Of the
